Deoxyribonucleoprotein is the major component of the nucleus of which the nucleic acid moiety forms the genetic material of the chromosome. Antibodies directed against soluble nucleoprotein and its constituent products, purines, pyrimidines and polynucleotides have been detected in patients with rheumatoid arthritis and associated diseases but antibodies directed against native (double stranded) DNA are a hallmark of patients with systemic lupus erythematosus (SLE).1 2 Antibodies to native DNA have been particularly associated with clinical disease activity.2-4 Furthermore, it is generally believed that anti-DNA antibodies are the principal antibody component of circulating immune complexes in SLE and that the pathogenesis of their glomerulonephritis is analogous to experimental serum sickness.5 Clinical laboratories are called upon to perform reliable and reproducible tests for the detection of antibodies to DNA and clinicians expect that the results will aid their diagnosis.7 8 Quantitative assays which are sufficiently sensitive for the detection of antibodies specific for DNA have hitherto relied upon a radioimmunoassay method using isotope-labelled DNA which when complexed with antibody is subsequently precipitated with ammonium sulphate or a coprecipitating antibody,9-12 or a fluorescein-labelled second antibody in an immunofluorescent staining procedure inAccepted for publication 7 Tween-PBS (" Wash") buffer for ELISA NaCl 40 g; Na2HPO4 5 75 g; KH2PO4 1 g; KCl 1 g; NaN3 1 g; Tween 20 2-5 ml; made up to 5 1 with distilled water.
Substrate buffer for ELISA Diethanolamine 97 ml; NaN3 0f2 g; MgCl2-6H20 0-1 g; distilled water 800 ml; adjust to pH 9 8 using 1 M HCI and make up volume to 1 1. Pellets (5 mg) of p-nitrophenyl phosphate substrate were purchased from Sigma Chemical Co (one tablet per 5 ml substrate buffer for working solution).
Scintillation fluid for radioimmunoassay 2:5 diphenyloxazole (PPO) 6-0 g; 1:4 di-2,5-phenyloxazolyl benzene (POPOP) 0-12 g; Triton X-l00 333 ml: xylene (scintillation grade) 666 ml.
METHODS
Radioimmunoassay for antibodies to DNA To duplicate 0-1 ml aliquots (-100 ng) of 14C DNA in 50 mm x 6 mm polystyrene precipitin tubes (Sterilin RT20) was added 0 1 ml of a 1/10 dilution of serum in PBS pH 7-4. After thorough mixing the tubes were incubated at 371C for 1 h and then placed at +4°C overnight to allow completion of complex formation. The IgG in each tube was precipitated with the second antibody (rabbit antihuman IgG) allowing incubation at 37°C for one hour and +4C for two hours.
The precipitate was removed by centrifugation and washed by resuspending in PBS and recentrifuging. The ELISA methodfor antibodies to native and denatured DNA To each well of a 96-well microtitre plate was added 0-2 ml of a 1 % aqueous solution of protamine sulphate (Sigma). After 30 min at room temperature the plate was emptied by simple inversion and washed five times with a jet of distilled water from a plastic wash bottle.
DNA solution (0-2 ml) at a concentration of 10 ,ug/ml was added to the desired number of wells and allowed to stand at room temperature for 30 min. (For convenience native DNA could be applied to one half of each plate and denatured DNA to the remaining half-in this way 48 sera including controls could be tested under identical conditions against both antigens.)
After DNA attachment the plate was washed five times in Tween-PBS buffer and 0-2 ml of each sample applied to the appropriate wells. After further incubation at room temperature for 30 min the plates were carefully washed five times in Tween-PBS buffer and shaken almost dry. An amount (0-2 ml) of 1/1000 dilution of alkaline phosphataselabelled antihuman IgG was pipetted into each reaction well and the plate allowed to incubate at room temperature for a further 30 min.
After washing with Tween-PBS buffer five times the plate was again shaken dry and finally 0-2 ml of p-nitrophenyl phosphate solution added to each reaction well. Incubation was allowed to take place at 370C for 20 min when the reaction was halted by the addition of 0 05 ml of 2 M NaOH. Hydrolysis of the substrate to p-nitrophenylate was measured by determination of the absorbance at 410 nm on a Dynatech automatic plate reader. Appropriate positive and negative sera together with a "no serum" blank were included in each batch of tests.
Results

METHOD CONTROLS
In an attempt to demonstrate that positive tests observed in the microtitre wells were due to reaction of enzyme-linked anti-IgG reacting with antibodies directed against DNA antigen a series of controls, including inhibition assays, were set up.
Use ofprotamine sulphate In our ELISA method, omission of the protamine sulphate incubation stage resulted in total negative tests. In a separate series of tests it was shown that in the absence of protamine sulphate at least 16 hours were required for adequate binding of denatured DNA; furthermore, for native DNA it took as much as four days to achieve comparable colour intensity and reproducibility from a positive control serum (see Fig. 1 ).
Pretreatment with protamine sulphate for 15 min or more facilitated maximum binding of DNA in 30 min.
Inhibition of reactions using soluble antigens In inhibition experiments, sera that were native DNA-positive were inhibited by pretreatment with free double stranded antigen; furthermore, sera that were denatured DNA-positive were inhibited with free single stranded antigen. Not surprisingly, (Fig. 2b) . One positive serum was tested on three consecutive days to demonstrate the reproducibility of the colour reaction. The results are shown in Fig. 2c . Though colour intensity variedfrom serum to serum at any one dilution the slopes of the curves were very similar -demonstrating a linear relation between antibodyactivity and colour production (a). In order to show more clearly the similarity of the curves each was superimposed around an optical density of0 75 Figure 3 shows a comparison c against native and denatured D}S sera (100), sera from known pati patients with liver disease (1OC (38) and coeliac disease (14) arthritis (101). Figure 3 Over the same six-month period 570 specimens were tested by the latex agglutination method using deoxyribonucleoprotein sensitised particles (Fisher).
From Table 2 it can be seen that there is total agreement with almost 80% of sera tested and that the enzyme-linked method picks up more "positive" sera than does the latex test.
The results obtained by ELISA were compared to the results obtained by radioimmunoassay (Fig. 4) . Though sera were found to be positive by both methods, the correlation of colour intensity by ELISA with percentage binding byradioimmunoassay was not always good. Some specimens exhibited a seemingly disproportionately high colour intensity Throughout the present paper statistical data has been calculated by comparing percentage binding of a control standard serum by RIA with colour intensity produced by ELISA using the same standard serum at a known series of dilutions. That dilution of serum yielding an optical density of 0 75 is then expressed in U/ml. The dilution may have to be mathematically derived from the linear portion of the curve. In this way any day-to-day variation in colour intensity was removed by direct comparison to the standard serum, the value of which was fully evaluated. A positive control serum is included in each DNA kit supplied by Cordis but though this serum is given a value (in IU) it is as yet related only to the WHO international ANA standard for immunofluorescent techniques.
The ELISA method offers several advantages over others currently available: (a) it is quantitative for the antibody, (b) it is cheap, (c) it does not use radionuclides, (d) it may readily be automated, (e) it is sensitive to low antibody activities, (f) it is a simple, rapid technique which may conveniently be applied to other antigens. The method overcomes the subjectivitiy of fluorescent methods using kinetoplasts which, though truly specific, are difficult to interpret in the weak positive range even by experienced personnel. Finally, in attaching the DNA molecule to a solid phase carrier through protamine sulphate one reduces the electrostatic charge which causes non-specific protein-protein interreactions in free solution. The development of a cheap ELISA method seemed a natural and desirable progression to enable the Department to provide an improved service in this field. Though absolute correlation of colour intensity with percentage binding by RIA has not yet been adequately explained we feel that the method described affords a simple, practical way of screening large numbers of sera for DNA antibodies.
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